Time Projection Chamber (TPC) is one of the main tracking systems for many current and future collider experiments at RHIC and LHC. It has a capability to measure the space points of charged tracks for good momentum resolution as well as the energy loss (dE/dx) for particle identification with good energy resolution. Both of these features depend strongly on the amount of space charge in the TPC gas volume, mainly due to the ions from the amplification stage. An active gating grid has been used thus far to gate the electrons and ions by switching the polarities of the grid wires. Therefore, active gating does introduce a limitation for data taking rates in high luminosity collisions. In this work we propose several options of a passive gating, where a significant reduction of Ion Back Flow (IBF) is possible in a high luminosity environment without any dead time issues due to gating operation. Particularly, the application of a TPC passive gating for the sPHENIX experiment at RHIC is presented, which is currently under development.
I. INTRODUCTION
A Time Projection Chamber is one of the main tracking systems for the proposed sPHENIX experiment at RHIC to resolve the Upsilon states via their di-electron channel. The strong magnetic field of the BaBar solenoid, a Neon based fast gas mixture, and a high drift electric field will improve the E-field distortions due to ion backflow significantly in the current sPHENIX TPC design. Furthermore, a quadruple GEM stack arranged in a particular orientation and hole pattern [1] or a MicroMegas based amplification [2] will also help to reduce IBF. Nonetheless, due to the expected high luminosity at sPHENIX (∼15kHz), including a passive gating grid can be helpful to avoid the space charge distortions. We have studied several options to achieve good electron transparency (>80%)for the primary electrons and high blocking for the ions coming from the amplification stage. We have simulated woven wire meshes, different patterns of etched meshes, hexagonal micro-pattern meshes and static bi-polar wire gating.
Typically, the readout chambers are operated with an active bipolar Gating Grid (GG) in the presence of a trigger, which switches to the transparent mode to allow the ionization electrons to pass into the amplification region. After the maximum drift time for electrons the GG wires are biased with an alternating voltage, which makes the grid opaque to electrons and ions. This protects the amplification region against unwanted ionization from the drift region, and prevents back-drifting ions to enter the drift volume. In particular, the latter would lead to significant space-charge distortions. Due to the low mobility of ions, efficient ion blocking requires the GG to remain closed after the end of the event readout, corresponding to the typical time it takes the ions to drift from the amplification to the GG. This gating scheme leads to an intrinsic dead time for the TPC system, implying a principal rate limitation of the TPC.
A concept of static bi-polar passive gating is also explored in the present work, where the alternate polarity of wires is used to block the ions with good primary electron transparency at the same time, in the presence of strong magnetic field. The magnetic field helps to pass the electrons up to the optical transparency of the grid, while ions are completely blocked. Furthermore, we propose and briefly discuss a modified Zigzag pad shape to compensate the distortion in an electron's position due to GG implementation.
II. RESULTS AND DISCUSSION
In this section, we show the results for various options for passive gating, which can be coupled with TPC for space charge reduction. We have done simulation studies using ANSYS, a Finite Element Method (FEM) based software [3] and CERN based Garfield++ simulation package [4]. Fig.1 shows various shapes of elements like (a) etched square mesh, (b) cylindrical hole patterns, (c) hexagonal micro-pattern mesh and (d) a simple wire mesh. The electric field maps are generated with ANSYS and are transported in Garfield++ to simulate the electrons and ions in the presence of different gas mixtures and magnetic field along the drift field. The electron transparency corresponds to the fraction of electrons passing through the gating, while ion blocking corresponds to the fraction of ions collected on the gating grid or blocked from entering the drift volume. The gas attachment properties are also included in these simulations.
Figs. 2 and 3 show the results for wire mesh ( Fig.1d ) and etched mesh ( Fig.1a ) for one particular configuration. It is seen in Figs. 2 and 3, that a significant amount of ion reduction 978-1-7281-4164-0/19/$31.00 c 2019 IEEE and electron transparency can be achieved by increasing the ratio between the transfer to the drift electric field. Increase in this ratio causes more ion drift lines to terminate at the gating structure, which helps to reduce the ion back flow. We have observed in our simulation studies that by simply putting a passive gating and tuning the field ratios, the ion blocking of ∼80% and a corresponding electron transparency of ∼ 95% can be achieved. A bi-polar static gating grid as an ion blocking device is also explored. A large parameter space is studied to find a suitable configuration for TPC gating, as is shown in Fig.4 .
The electric field maps are generated with ANSYS, are transported in Garfield++ to simulate the electrons and ions trajectories in different gas mixtures and magnetic field. The electron transparency and Ion blocking correspond to the fraction, which pass through the gating configurations. The gas attachment properties are also included in these simulations. As is shown in Figure 2 and 3, that a significant factor for ion reduction is the ratio between the transfer to drift electric field. We have observed that by simply putting these passive gating and tuning the field ratios, the ion reduction is ~80% and the corresponding electron transparency is close to ~95%. Another, parallel wire based bi-polar gating mesh is also explored, as is shown in Figure 4 . The whole parameter space is explored to find the suitable configuration for sPHENIX TPC. Figure 5 shows the electrons and ions trajectories with and without magnetic field. where m and e are the mass and electric charge of the particle, u is its velocity vector, and K describes a frictional force proportional to u that is caused by the interaction of the particle with the gas. As is shown in the left figure of Figure 5 , the electrons and ions are completely blocked, as they land on the wires depending on their polarities, but as soon as the magnetic field is turned on the uxB term of Langevin equation kicks the electrons away from the wire. We have explored the parameter space for these wire gating namely the wire diameter, pitch, potential differences and gas mixtures for different magnetic fields. Further, to correct the distortions in electrons position due to gating we have explored several readout pad shapes, where these distortions can be compensated for high resolution TPC tracking.
III. SUMMARY
TPC's in high luminosity colliders require a passive gating option to cope with the high event rates. In the present work we present various options for the passive gating configurations, where a good ion blocking and electron transparencies can be achieved. Further reduction in the ion back flow after adding gating, even in the low IBF Quad-GEM configuration or in a MicroMegas configuration, will be helpful to reduce space-charge distortions in TPC's. The behaviour of the drift chamber is crucially dependent on the drift of the electrons and ions that are created by the particles measured or in the avalanches at the electrodes. In addition to the electric drift field, there is often a magnetic field, which is necessary for measuring particle momentum. Obviously we have to understand how the drift velocity vector in electric and magnetic fields depends on the properties of the gas molecules, including their density and temperature. We might start by writing down the most general expression and then specialize to simple practical cases. However, it is more 'anschaulich' to proceed in the opposite way. We derive the simple cases first and then generalize to the more rigorous formulation in Sect. 2.3.
An Equation of Motion with Friction
The motion of charged particles under the influence of electric and magnetic fields, E and B may be understood in terms of an equation of motion:
where m and e are the mass and electric charge of the particle, u is its velocity vector, and K describes a frictional force proportional to u that is caused by the interaction of the particle with the gas. In Sect. 2.2 we will see that in terms of the more detailed theory involving atomic collisions, (2.1) describes the drift at large t to a very good approximation. Historically, (2.1) was introduced by P. Langevin, who imagined the force Ku as a stochastic average over the random collisions of the drifting particle. The ratio m/K has the dimension of a characteristic time, and we define
Equation (2.1) is an inhomogeneous system of linear differential equations for the three components of velocity. The electron and ion trajectories (yellow and brown lines are for electrons for ions respectively) without magnetic field are shown in the left panel of Fig. 5 . Once the magnetic field is turned on, the electron's trajectories are shown in the right panel of Fig. 5 , although the ions remain unchanged. The cause for the electron transparency in the presence of magnetic field can be understood as follows.
The motion of charged particles under the influence of electric and magnetic field (E and B) is governed by an equation of motion called Langevin Equation:
where m and e are the mass and electric charge of the particle, u is its velocity, and K describes a frictional force proportional to u that is caused by the interaction of the particle with the gas. As is shown in the left panel of Fig. 5 , the electrons and ions are completely blocked, as they land on the wires depending on their polarities. But, as soon as the magnetic field is turned on the u×B term of Langevin equation forces the electrons to go away from the wire, as is shown in the right panel of Fig.5 . We have explored a huge parameter space for wire gating, such as wire diameter, pitch, potential differences and gas mixtures for different magnetic fields as is shown in Fig.4 . As an example, the percentage of electron transparency and ion blocking is shown in Fig. 6 for one such combination of parameters.
Hence, tuning the wire configuration and selectively applying the potential on wires can lead to an optimized ion blocking and electron transparency.
As is evident from Fig.5 , introducing a wire grid for gating also introduces distortions in the primary electron's trajectories, which can deteriorate the position resolution for TPC tracking. Further, to correct the distortions in electron's position due to gating we have explored several readout pad shapes, where these distortions can be compensated for high resolution TPC tracking.
The readout pad plane design of sPHENIX TPC exploits the fact that by maximizing the charge sharing between neighboring ZigZag pads [5] , a high position resolution can be achieved. Fig.7(a) shows a typical ZigZag pad sector view from top where the negative (green lines) and positive (red lines) potential wires are arranged in a particular fashion to serve as a GG. Fig.7(b) shows that the electron's initial position is chosen in such a way that they are focused along the edges of a ZigZag pad and the vertical lines are shown for eye guidance of the wire's position. The electrons are then transported through the gating grid while keeping the diffusion off such that the their position after passing through the grid is purely influenced by the electric field distortions. Fig.7(c) shows the end coordinates of the electrons after going through the wire grid. Therefore, if one starts with a modified pad shape similar to Fig7(c), all the initial electrons can still be collected on the same pad despite facing the distortions, while conserving the position resolution. More simulation studies are underway to better understand the modified shapes of pad readouts, influence of different gating configurations and gas properties etc.
III. SUMMARY
TPCs in high luminosity collider experiments require a passive gating option to cope with the high event rates. In the present work we demonstrate various options for the passive gating configurations, where a good ion blocking (>80%) and electron transparencies (>90%) can be achieved. Further reduction in IBF after adding a gating grid in addition to an already low IBF Quad-GEM configuration or in a MicroMegas configuration will be helpful to avoid space-charge distortions in the TPC. The preparations are ongoing to measure these simulated results with real detector setup to establish the proof of principle.
